Rats (Experiment 1) and pigeons (Experiment 2) responded on several concurrent fixed interval variable interval schedules. The programmed rate of reinforcement varied from 15 to 240 reinforcers per hour across conditions for each component. The rate of, but not the time spent, responding on each component usually changed within sessions. The patterns of changes in response rates within the session were similar enough for the two components that the bias and sensitivity to reinforcement parameters of, and the percentage of the variance accounted for by, the generalized matching law did not change within the session. These results imply that within-session changes in responding do not cause problems for assessing the validity of the generalized matching law when subjects respond on concurrent fixed interval variable interval schedules. They may help to explain why the matching law provides a good description of the data.
changes also produced within-session changes in the parameters and fit ofthe GML. In that case, the parameters and fit ofthe GML would depend on the time in the session at which they were measured. Because longer sessions would sample different values of the parameters and fit than shorter sessions (McSweeney, 1992; McSweeney, Roll, & Cannon, 1994) , the parameters and fit would also vary with session length, an undesirable result.
Within-session changes in the parameters and fit of the GML might occur ifthe within-session changes in response rates differed for the two components of a concurrent schedule. Suppose that responding during each component increased to a peak and then decreased within experimental sessions, as responding often does (see, e.g., McSweeney, 1992) . Suppose also that the withinsession patterns differed for the two components (e.g., the peak was reached at different times). Then, the ratio of the rates of responding during the two components would change within the session. The fit and parameters of Equation I would also change, unless the ratio of the obtained rates ofreinforcement varied in the same way as the ratio ofresponse rates. Similar changes in rates ofresponding and reinforcement are unlikely when the components of concurrent schedules provide interval schedules. Large changes in response rates have little effect on obtained rates of reinforcement for those schedules.
Within-session changes in response rates would cause fewer problems for evaluating the GML if the changes occurred similarly for the two components. Suppose, for example, that within-session changes in responding are produced by changes in a multiplier that modulates the abCopyright 1999 Psychonomic Society, Inc. 236 solute rates at which subjects respond. If this multiplier changed in the same way within sessions for the two components, its effect would cancel out when ratios of rates ofresponding were calculated. As a result, the parameters and fit of the GML might be constant within the session. Within-session changes in responding do not distort the interpretation of the GML when the components of the concurrent schedules differ only in the rates of reinforcement they provide or in the operanda used to produce reinforcers (McSweeney, Weatherly, & Roll, 1995) . That is, the parameters and fit ofthe GML remain constant across the session, despite substantial within-session changes in absolute response rates. However, the parameters and fit do change systematically within sessions when the two components provide qualitatively different reinforcers, such as food and water . As was argued earlier, this implies that the parameters and fit of the GML depend on the time in the session at which they are measured and differ for sessions of different length.
In the present experiments, the question of whether within-session changes in responding distort the interpretation of the GML when the components provide different simple schedules of reinforcement was examined.
In the experiments, within-session changes in response rates and time spent responding during concurrent fixed interval (FI) variable interval (VI) schedules when rats (Experiment 1) and pigeons (Experiment 2) served as subjects were examined. The ratio ofthe programmed rates of reinforcement changed across conditions, so that the GML could be fit to the data. Two species of subjects were used in order to examine the generality of the results.
EXPERIMENT 1 Method
Subjects. The subjects were 5 experimentally naive male rats, bred from Sprague-Dawley stock. They were maintained at approximately 85% of their free-feeding weights by postsession feedings, given when all the subjects had completed their daily sessions. Weights were established immediately before the experiment, which began when the subjects were approximately 120 days old. The subjects were housed individually and were exposed to a 12:12-h light:dark cycle.
Apparatus. The apparatus was a two-lever experimental enclosure, measuring 20 X 24.5 X 24.5 ern. A 5 X 5.5 em opening, which allowed access to reinforcers (45-mg Noyes pellets), was centered on the front panel, 0.5 cm above the floor. Two 4 X 1.5 ern levers appeared 2.5 cm from this opening, one on each side. The levers were 5 em above the floor and extended 1.5 ern into the enclosure. A 2-cm-diameter light was located 2.5 em above each lever. A third 2-cm-diameter light was centered on the front panel, 4 em from the ceiling. The houselight was another 2-cm-diameter light, located in the center of the ceiling. The apparatus was enclosed in a sound-attenuating chamber. An exhaust fan masked noises from outside. Experimental events were presented and data were recorded by MED Associates software run by an IBM-compatible 486 computer, located in another room.
Procedure. Each subject was placed in the apparatus until the left and right levers had each been pressed 100 times on a continuous reinforcement schedule. Then the experiment began. In the first condition, the subjects responded on a concurrent FI 60-sec VI 60-sec schedule. Pressing the left lever produced reinforcers according to the FI schedule; pressing the right lever produced reinforcers according to the VI schedule. A reinforcer consisted of a 45-mg Noyes pellet. Reinforcers for the VI schedule were programmed by a 25-interval Fleshier and Hoffman (1962) series. A 3-sec changeover delay (COD), during which responses were not reinforced, followed all changes from one operandum to the other. The houselight and the lights above the left and right levers were illuminated throughout the 60-min sessions. Sessions were conducted daily, five to six times per week.
When the subjects had responded on the concurrent FI 60-sec VI 60-sec schedule for 30 sessions, they were exposed to the following schedules in the following order: concurrent FI 240-sec VI 15-sec, concurrent VI l20-sec FI 30-sec, concurrent VI 30-sec FI 120-sec, and concurrent FI 15-sec VI 240-sec. The schedule presented on the left lever is listed first. Each schedule was studied for 30 sessions. These schedule values were selected because they provided the same rates of reinforcement as the schedules studied by MeSweeney et al. (1995) and by , with which the present results will be compared. A final, concurrent VI 60-sec FI 60-sec schedule was planned, but problems with the computer delayed completion of this schedule. Because the subjects were old after the repair period and I subject died, the results of this final condition are not reported. Figure 1 presents rates of responding (responses per minute) during successive 5-min intervals in the session for each component of each concurrent schedule. Response rates were averaged over the last five sessions for which each concurrent schedule was available and over all the rats. Each graph presents the results for a concurrent schedule. Circles represent responding on the FI components; triangles, responding on the VI components. Here, and throughout this paper, the value ofthe FI schedule is presented first in the labels of the graphs. Figure 1 shows that rate of responding, averaged over the session, usually increased with increases in the programmed rates of reinforcement but declined at the highest rate ofreinforcement for the FI components. The mean rates of responding during the FI components, averaged over all the subjects, were 2.1,13.1,21.7,44.8, and 21.5 responses per minute, when results are presented from the leanest to the richest component. The mean rates of responding during the VI components were 2.5, 12.2, 11.7, 25.6, and 36.2 responses per minute for the schedules presented in the same order. Although rates ofresponding often increase with increases in rates ofreinforcement (see, e.g., Catania & Reynolds, 1968; Herrnstein, 1970) , decreases in response rates at high programmed rates of reinforcement are frequently reported (e.g., Dougan & MeSweeney, 1985; McSweeney & Melville, 1991) and are consistent with several theories (Baum, 1981; Staddon, 1979) .
Results and Discussion
Figure 1 also suggests that rates ofresponding changed within sessions. Early-session increases in responding are visible in most graphs, followed by constant or decreasing late-session responding. variance (ANOVAs) applied to rates of responding by individual subjects. Rate of responding changed significantly (p < .05) within the session for all the components except the FI and VI 240-sec. Past studies also reported that within-session changes in responding are smaller and may fail to reach statistical significance when schedules provide low rates ofreinforcement (e.g., McSweeney, 1992; McSweeney, Roll, & Cannon, 1994) . Figure 2 presents the time spent responding on the FI component (in seconds) during successive 5-min intervals in the session for each concurrent schedule. Time spent was calculated by a timer that started when the subject responded on the FI component and stopped when the subject switched to the VI component. Results are presented only for the FI component, because the time spent responding on the two components summed to the 300 total sec available for all 5-min intervals except the first. The time to the first response was not included in the time spent responding for either component in the first interval. Each graph presents the results for a different concurrent schedule. The results were averaged over all the subjects, responding during the final five sessions for which each concurrent schedule was available. Figure 2 shows that time spent responding on the FI component (and, therefore, the VI component) changed little within sessions. One-way (5-min interval) repeated measures ANOVAs applied to time spent responding on the FI component appear in the top ofTable 1. They show that the time spent responding on the FI component did not change significantly within sessions for any schedule except the concurrent FI 15-sec VI 240-sec. For that schedule, all of the change in the time spent responding occurred between the first and the second 5-min interval. Time spent on the FI component was constant over the rest of the session. Figure 3 presents the parameters of the GML and the percentage of the variance accounted for by the GML, during successive 5-min intervals in the session. A linear least-squares procedure was used to fit the GML to the logarithms of the ratios of the appropriate variables (see Equation 1) for each subject. The presented results are the mean for all the subjects. The left graphs present the results when the GML was fit to the ratio of response rates (response matching). The right graphs present the results when the GML was fit to the ratio of the times spent responding (time matching). In all cases, results for the FI component were divided by those for the VI component. The GML was fit, using a log-linear procedure, to make the results comparable with those of past studies (e.g., .
The GML fit the data well. Except for one point, it always accounted for more than 90% ofthe variance in the data. As in other studies ofconcurrent VI FI schedule responding (Lobb & Davison, 1975; Nevin, 1971; Trevett, Davison, & Williams, 1972) , the sensitivity parameters were less than 1 (undermatching). Consistent with the present results, Lobb and Davison (1975) reported larger sensitivity parameters for time than for response matching. However, on the basis ofan analysis ofthe results ofthree studies (Lobb & Davison, 1975; Nevin, 1971; Trevett et al., 1972) , they also argued that sensitivity for concurrent FI VI schedules is approximately .63 for response and .69 for time matching. The present sensitivities are somewhat larger than these values (mean = .733 for response matching; mean = .836 for time matching). This difference may have been produced by many differences between the studies. However, one difference can probably be ruled out. The difference in results was probably not produced by the species ofsubjects used. The parameters reported in Experiment 2 were also larger than those reported by Lobb and Davison, even when the same species (pigeons) served as subjects in both experiments. Finally, the subjects were biased toward the VI schedule (bias < 1.0) for time matching, as reported by Lobb and Davison and Trevett et al., but they were biased toward the FI schedule (bias> 1.0) for response matching. Differences in the species used in the studies may have contributed to this difference. Experiment 2, which used pigeons as subjects, reported a bias toward the VI schedule.
The parameters and fit ofthe GML usually changed little and inconsistently across the session. One-way (5-min interval) repeated measures ANOVAs applied to the parameters and fits showed that these variables did not change significantly within sessions for either response [sensitivity, F(II, 44) reported that the within-session change in the sum of instrumental responding was indistinguishable from the withinsession change in the number of changeovers when subjects responded on a concurrent VI VI schedule. This similarity occurred except at very high rates of reinforcement (i.e., a concurrent VI 11.25-sec VI 22.5-sec schedule). Figure 4 compares the number ofchangeovers with the sum ofinstrumental responses for the present concurrent FI VI schedules. Percentages were calculated so that differences in the absolute rates ofresponding and changing over would not obscure similarities in the withinsession patterns of responding. Percentages were calculated by dividing the number ofchangeovers (or sum ofresponding) during a 5-min interval by the total number of changeovers (or sum ofresponses) during the session and multiplying by 100. Figure 4 suggests that within-session patterns differed for the number of changeovers and the sum of instrumental responses, when subjects responded on the present concurrent FI VI schedules. The interaction terms oftwo-way (behavior X 5-min interval) repeated measures ANOVAs confirmed this conclusion. EXPERIMENT 2
Method
Subjects. The subjects were 4 experimentally experienced pigeons, maintained at approximately 85% oftheir free-feeding body weights by postsession feedings, delivered when all the subjects had completed the daily session. The subjects were housed individually and were exposed to a 12:12-h light:dark cycle.
Apparatus. The apparatus was a three-key experimental enclosure, measuring 30 X 36 X 27 em. Three 2.5-cm-diameter keys were positioned 21.5 em above the floor and 7.5 em apart. The left key was 7 cm from the left wall; the right key, 7.5 em from the right wall. A force of approximately 0.25 N operated each key. A 4.5 X 5 em opening allowed access to a food magazine. It was 7.5 em above the floor and 15 cm from the right wall. A 4-cm-diameter houselight was located 1.5 em from the ceiling and 0.5 em from the right wall. The experimental panel was housed in a sound-attenuating chamber. A ventilating fan masked noises from outside the chamber. Experimental events were programmed and data were recorded by MED Associates software run by an IBM-compatible 486 computer, located in another room.
Procedure. The subjects had pecked keys in previous experiments. Therefore, they were placed directly on the following schedules, presented in the following order: concurrent FI 60-sec VI 60-sec, concurrent VI 240-sec FI 15-sec, concurrent FI 120-sec VI 30-sec, concurrent PI 30-sec VI 120-sec, concurrent VI l S-sec FI 240-sec, and concurrent VI 60-sec PI 60-sec. The component listed first was presented on the left key. The left and right keys were illuminated with white light, except when a reinforcer (5-sec access to mixed grain) was presented. Reinforcement time was excluded from the calculation of session length. All the other procedural details were similar to those for the rats.
Results and Discussion Figure 5 presents rates of responding (responses per minute) during successive 5-min intervals in the session for the mean of all the pigeons responding on each concurrent schedule. The results were calculated and pre- sented as in Figure 1 . The time for which reinforcement was available was excluded from session time when calculating response rates. Figure 5 shows that rates ofresponding, averaged over the session, increased with increases in the rates of reinforcement provided by the component up to a point and then decreased with further increases. The mean rates of responding during the FI components were 0. 3,3.8,19.3, 20 , and 12, responses per minute, when results were presented from the leanest to the richest components. The mean rates ofresponding during the VI components were 1. 4,5.4,18.6,15, and 11 .3 responses per minute from the leanest to the richest components. As was argued earlier, rate ofresponding often increases with increases in rate of reinforcement, but may decrease at high reinforcer rates. Figure 5 shows that response rates often changed within sessions. With a few exceptions, response rate usually increased and then decreased. However, these withinsession changes in response rates were not always statistically significant. The results of one-way (5-min inter- val) repeated measures ANOVAs, applied to rates ofresponding during each component of each concurrent schedule, appear in the bottom ofTable 1. An ANOVAwas not calculated for the VI 240-sec component, because several subjects responded little during that component. Table I shows that ANOVAs were statistically significant approximately half of the time. The ANOVA was also close to significant for the VI 30-sec component of the concurrent FI l20-sec VI 30-sec schedule (p < .070). As in Experiment 1 and in past studies (e.g., McSweeney, 1992; McSweeney, Roll, & Cannon, 1994) , within-session changes in responding were more likely to be significant when the components provided higher, rather than lower, rates of reinforcement. Figure 6 presents time spent responding on the FI component during successive 5-min intervals for each concurrent schedule. The results were calculated and presented as were those for the rats. Figure 6 shows that time spent responding on the FI component was usually relatively constant within sessions. The results of one-way (5-min interval) repeated measures ANOVAs, applied to the time spent responding on the FI schedule, appear in the bottom ofTable 1. They were significant only for the concurrent FI 30-sec VI l20-sec schedule. However, the . The bias (top graphs) and sensitivity (middle graphs) parameters ofthe generalized matching law, as weD as the percentage of the variance accounted for (bottom graphs), when the generalized matching law was applied to the ratios of the rates of responding (left graphs) and to the ratios ofthe time spent responding (right graphs) in Experiment 2. Parameters were calculated from the data in successive 5-min intervals and were averaged over aD the pigeons.
ANOVAalso approached significance (p < .059) for the concurrent FI 120-sec VI 30-sec schedule. Figure 7 presents the parameters and fit ofthe GML during successive 5-min intervals in the session. The results were analyzed and presented as in Figure 3 . The results are those for the means ofonly 3 subjects. One subject often stopped responding at the end of the session, making it difficult to fit the GML to the data for this subject.
There is a great deal of variance from interval to interval in Figure 7 . The fit ofthe GML was not as good as that for the rats in Experiment 1. The percentage of the variance accounted for by Equation 1 was usually greater than 80% for response matching (M = 89.7%) and always greater than 70% for time matching (M = 84.7%). Sensitivity parameters usually fell in the range of .60-1 for both response and time matching. Again, these sensitivity parameters are somewhat larger than those reported in past studies. As was reported earlier, Lobb and Davison (1975) concluded that the sensitivity parameters for concurrent FI VI schedules were approximately .63 for Each graph presents percentages calculated on the response rates for the mean of all . the subjects responding on a concurrent schedule. response matching and .69 for time matching. The comparable means in the present experiment were .76 and .79. Consistent with the results reported in Experiment I and by Lobb and Davison, sensitivities were somewhat greater for time than for response matching. But this difference was small in the present experiment. Figure 7 shows little bias for response matching. That is, the mean bias parameter of 0.996 was close to 1. Except for the first 5-min interval, time matching was biased toward the VI schedule (bias < 1, M = 0.809). Trevett et at. (1972) and Lobb and Davison (1975) also reported a consistent bias toward the VI schedule when pigeons responded on concurrent FI VI schedules. In contrast, Nevin (1971) reported that the direction of bias differed for different subjects. However, his data are hard to interpret, because the FI schedule always appeared on the same key. Therefore, bias might represent a key preference rather than a schedule preference. Figure 7 shows that the parameters and fit ofthe GML did not usually change systematically within sessions. One-way (5-min interval) repeated measures ANOVAs, applied to the parameters and fits for individual subjects, showed that only the sensitivity parameter for response matching changed significantly within the session [F(11,22) The conclusion would not have been changed ifthe results had been averaged over all 4 subjects responding during the first eight 5-min intervals of the session in which all the subjects responded. The parameters and fit ofthe GML did not change significantly within the session for either response [bias, F(7,21) Figure 8 compares within-session changes in the number ofchangeovers with within-session changes in the sum of instrumental responding. The results were calculated and presented as in Figure 4 . Again, the within-session patterns appear to differ for the two measures. The interaction terms of two-way (behavioral measure X 5-min interval) repeated measures ANOVAs showed that the patterns differed significantly for three ofthe concurrent schedules F(11, 33) 
GENERAL DISCUSSION
Rate of responding often changed within sessions for rats (Experiment 1) and pigeons (Experiment 2). This extends the generality of within-session changes in responding to concurrent FI VI schedules. As in past studies (e.g., McSweeney, 1992; McSweeney, Roll, & Cannon, 1994) , the within-session changes in responding were more likely to be statistically significant when the components provided higher, rather than lower, rates of reinforcement.
Time spent responding on a component schedule rarely changed significantly within sessions for either rats or pigeons (Figures 2 and 6 ). In contrast, reported systematic within-session changes in the time spent responding, when the subjects responded on concurrent VI VI schedules that provided different reinforcers (e.g., food and water) in the two components. The conditions under which time spent responding changes systematically within sessions require further study. Too few data exist to speculate about these conditions. The parameters and fit ofthe GML did not change systematically within sessions (Figures 3 and 7) . The only exception was the small increase in the sensitivity parameters for pigeons, when response matching was examined. Because the parameters and fit were relatively constant within sessions, the description of the data provided by the GML did not differ at different times within the session and should not differ for sessions ofdifferent lengths. Therefore, within-session changes in responding do not create problems for assessing the validity of the GML when subjects respond on concurrent FI VI schedules. However, within-session changes in responding should be studied during concurrent schedules that provide other simple schedules, before it is assumed that withinsession changes do not create problems for any type of concurrent schedule with different simple schedules in the components. Substantially different results might occur if the component schedules differed more than they did here (e.g., a ratio vs. an interval schedule).
It might be argued that the parameters and fit of the GML did not change systematically within sessions in the present study because the subjects actually experienced the concurrent FI VI schedules as concurrent VI VI schedules. The parameters and fit of the GML do not change within sessions when subjects respond on concurrent VI VI schedules (McSweeney et aI., 1995; MeSweeney, Weatherly, & Swindell, 1996) .
It seems unlikely that the subjects would fail to discriminate between concurrent FI VI and concurrent VI VI schedules. The obtained distribution ofinterreinforcement times should differ substantially for these schedules. In particular, the distribution should lack interreinforcer intervals shorter than the programmed FI, when subjects respond on FI schedules. In contrast, reinforcers can be obtained even at very short interreinforcer intervals on VI schedules.
Behavior on the present concurrent FI VI schedules also differed from that reported on concurrent VI VI schedules. As was argued, showed that the within-session change in the number ofchangeovers was indistinguishable from the within-session change in the sum of the rates of instrumental responding when subjects responded on concurrent VI VI schedules, except at very high rates of reinforcement (i.e., a concurrent VI 11.25-sec VI 22.5-sec schedule). The within-session changes for these two behavioral measures usually differed for the present concurrent FI VI schedules (Figures 4 and 8) . The reason for this difference in performance is not known. The similarity between instrumental responses and changeovers suggests that responding and changeovers are regulated by the same mechanism on concurrent VI VI schedules. However, the differences between those behaviors on concurrent FI VI schedules suggests that responding and changing over are regulated differently on that schedule.
Finding that the parameters and fit ofthe GML do not change within sessions is consistent with the idea that within-session changes in response rates are produced by changes in a multiplier that is the same for both components of the concurrent schedule. Such multipliers would cancel out when ratios of response rates were calculated to fit the GML. The idea of a constant multiplier is in turn consistent with conclusion that within-session patterns of responding during both components ofa concurrent schedule are governed by approximately the sum of the reinforcers obtained from the two components, at least when subjects respond on concurrent schedules that provide qualitatively similar reinforcers in the two components. The sum of reinforcers would be similar for both components, yielding similar within-session patterns of responding. Similar within-session patterns would cancel out when ratios of response rates were calculated.
To date, within-session changes in response rates do not create problems for interpreting the GML, as long as the components provide the same type ofreinforcer. This conclusion holds regardless ofwhether those reinforcers are provided at similar or different (McSweeney et aI., 1995) rates, by similar or different (McSweeney et aI., 1995) operanda, and by similar (e.g., or different (Experiments 1 and 2) simple schedules. In contrast, within-session patterns may differ for the two components when the components provide qualitatively different reinforcers .
The present results may help to explain why the GML provides a good description of responding. Systematic within-session changes in responding create problems for theories that predict the absolute rate at which-subjects respond, averaged over the session (e.g., Herrnstein, 1970) . Within-session changes in response rates imply that absolute response rates will differ, depending on the time in the session at which responding is measured and on the length ofthe session over which responding is averaged. Because significant within-session changes in responding have been reported for a wide variety of schedules, including simple (e.g., McSweeney, Roll, & Weatherly, 1994) , multiple (e.g., McSweeney, 1992) , and concurrent (e.g., McSweeney et aI., 1995) , within-session changes create problems for interpreting absolute response rates during a wide variety of procedures.
In contrast, within-session changes create few problems for theories that predict the ratio of the rates of responding (e.g., the GML). To date, within-session changes in responding have been similar for the components of the concurrent schedule, unless those components provide qualitatively different reinforcers (McSweeney, Swindell, 
